Introduction
In the total hip and knee arthroplasty literature, the use of both topical and intravenous (IV) tranexamic acid (TXA) has been proven to be effective for reducing perioperative blood loss, decreasing transfusion rates, and improving patient outcomes. [1] [2] [3] [4] [5] [6] [7] [8] More recent studies specific to total shoulder arthroplasty (TSA) have shown the effectiveness of both topical and IV TXA in reducing postoperative blood loss, increasing postoperative hemoglobin (Hb) levels, and decreasing length of stay. 9, 10 However, there are a wide variety of TXA dosing protocols described in the orthopedic literature, including weight-based dosing, non-weight-based dosing, singledose IV, single-dose topical, and multiple dose IV. [1] [2] [3] [4] [5] [6] [7] [8] With the current diversity of TXA treatment protocols, there is currently no consensus on the ideal method of TXA dosing to minimize perioperative blood loss while avoiding complications which may be associated with its use. IV administration of TXA is advantageous due to its ease of use and intraoperative coverage during TSA, but carries a theoretical risk of increased thrombosis, anaphylaxis, and renal failure. 11, 12 Topical administration, on the other hand, is considered to be safer for patients with an elevated risk of thrombosis or renal failure. However, it is time consuming to use, and as it is applied at the end of the case, it may not have an effect on intraoperative blood loss.
The lack of consensus on an optimal dosing regimen for TXA indicates that additional scientific study is needed to find the best mix of efficacy and decreased risk for patients undergoing TSA. The purpose of this study was to compare the use of IV and topical TXA in TSA to determine which regimen was most effective in improving postoperative Hb, transfusion rates, and patient outcomes. We hypothesized that IV and topical TXA cohorts would have similar improvements in postoperative Hb, transfusion requirements, and length of hospital stay, and that these results would be superior to patients who did not receive TXA.
Material and Methods
We conducted a retrospective review during a 4-year period of 3 cohorts of patients undergoing primary reverse or anatomic TSA. All procedures were performed by 2 shoulder and elbow and 1 sports medicine fellowship trained orthopedic surgeon with experience in TSA. Revision procedures, fracture procedures, and patients on preoperative anticoagulants were excluded to avoid confounding variables. Both anatomic and reverse total shoulders were included. The use of a drain and/or cement fixation was under the discretion of the operating surgeon; however, drain output was not recorded. All patients received either a single-shot supraclavicular nerve block or supraclavicular nerve block with an indwelling catheter for postoperative pain control.
From 2011 to 2013, all patients undergoing primary anatomic or reverse TSA did not receive TXA in any form and served as the control group (n ¼ 24). From 2013 to 2015, patients received 1000 mg of TXA intravenously prior to the incision and then again once implants were placed and served as our first cohort (n ¼ 28). From 2015 to 2016, patients received 3000 mg of TXA diluted in 100 cm 3 of normal saline topically after the implants were placed and served as second cohort (n ¼ 28). 8 The topical TXA was allowed to stand in joint for 5 min and was applied after final irrigation.
In the postoperative period, patients receiving no TXA or IV TXA were treated with early mobilization and sequential compression devices (SCD) for thromboprophylaxis. Patients receiving topical TXA received either SCD's (n ¼ 15) or SCD's and Aspirin 325 mg by mouth twice daily for 14 days (n ¼ 13) for thromboprophylaxis which was at the discretion of the surgeon.
Postoperative treatment protocols were at the discretion of the operating surgeon but in general included sling and abduction pillow for 4 weeks and early physical therapy and mobilization within selected motion parameters.
Postoperative data collection included Hb (g/dL) in the AM of each day in hospital, need for transfusion, length of stay, wound complications, discharge to nursing facility or home, and any positive study for a thromboembolic event.
Statistical analysis was performed using Excel (Microsoft Corporation). One-way analysis of variance was used to compare the quantitative data between the 3 groups with post hoc Tukey honestly significant difference test for differences between pairs. A P value of <.05 was considered statistically significant. Post hoc power analysis showed a 7% power to detect a 5% difference in transfusion rates with an alpha of .05.
Results
There were no significant preoperative differences between the 3 groups of patients including: age, sex, American Society of Anesthesiologists classification, body mass index, drain usage, or procedure type ( Table 1) .
There were 28 patients in each of the TXA groups and 24 in the control group. Average change in Hb was 2.36 g/dL in the IV TXA group and 2.27 g/dL in the Topical TXA group which was not statistically significant (P ¼ .69). Average change in Hb in the control group was 3.27 g/dL which was significant when compared to both TXA groups (P < .01) ( Table 2 ). There were no transfusions or thromboembolic events in either TXA group. In the control group, there were 2 transfusions which was not statistically significant (P ¼ .09) ( Table 3 ). There was no wound complications recorded in any group. There was no significant difference in the discharge disposition or days in hospital between the TXA groups (P ¼ .34) ( Table 4 ). There was a significant difference between days in hospital between the topical TXA group (Ave ¼ 1.6 days) and the control group Abbreviations: ASA, American society of Anesthesiologists; BMI, body mass index; IV, intravenous; RTSA, reverse total shoulder arthroplasty; TSA, total shoulder arthroplasty; TXA, tranexamic acid.
(Ave ¼ 2.3 days) which was not seen in the IV TXA group (P ¼ .04) ( Table 4 ).
Discussion
TSA has proven to be an effective procedure for relieving pain and increasing function in patients with significant shoulder pathology. [13] [14] [15] [16] However, even in experienced hands, TSA can be associated with significant blood loss and transfusion requirements with reported transfusion rates between 6.7% and 43%. [17] [18] [19] [20] [21] [22] Recent studies in total knee and hip arthroplasty have shown that the use of both topical and IV TXA leads to marked improvements in postoperative blood loss and transfusion requirements. [1] [2] [3] [4] [5] [6] [7] [8] Comparative studies in the total joint literature have also shown equivalent results for topical and IV TXA in terms of blood loss and reduction in transfusion rates. 23, 24 In the shoulder arthroplasty literature, there have been several recent studies showing the efficacy of TXA, in both IV and topical forms, in preventing postoperative blood loss. 9, 10, 25, 26 Both Abildgaard et al. and Gillespie et al. showed similar results to our study in terms of postoperative change in Hb with an improvement in the TXA group of around 1 g/dL compared to controls. 10, 25 Vara et al. in a recent randomized controlled trial showed less drain output and less total Hb loss compared to controls. 26 However, no shoulder arthroplasty study to date has shown a statistically significant decrease in the transfusion rate using TXA in either form.
There are currently no comparative studies in the shoulder arthroplasty literature to determine which method of administration is more effective for decreasing blood loss and improving patient outcomes. The question of IV versus topical administration of TXA is important for several reasons. Benefits of topical administration include no theoretical increased risk thromboembolic events and the ability to use TXA in patients on anticoagulants. 11, 12 However, the actual risk of thromboembolic events with the use of TXA is unknown, and recent studies have shown no significant increase in these events with TXA use in hip and knee arthroplasty or in shoulder arthroplasty. 27, 28 Disadvantages to the topical administration of TXA include that the hemostatic benefits of TXA are not realized during the procedure itself and that operative time may be increased while allowing TXA to bathe the incision.
In this study, we evaluated the efficacy of both IV and topical TXA to prevent postoperative blood loss during TSA, as measured by postoperative Hb levels and transfusion rates. We found that both methods equally improved postoperative Hb by 1 g/dL when compared to a no TXA control group. There was a trend toward decreased transfusion rates with TXA use of both types, but this was not statistically significant. Similarly, this study was not adequately powered to determine a significant difference in transfusion rates or thromboembolic events between the groups.
We did not find a decreased length of stay or increased frequency of discharge to home versus skilled nursing facility when comparing IV to topical TXA. However, when compared to the control group, the topical TXA group did have a significant improvement in days in hospital indicating that there is perhaps some benefit in terms of clinical outcome with the use of TXA. However, given the multifactorial nature of discharge planning for patients, this would be difficult to say with confidence with this relatively small cohort of patients.
This study has some limitations in addition to the standard ones imposed by a retrospective study design. There were multiple surgeons in each study group which may have introduced confounding factors that were not evaluated in this study. In addition, there was no attempt to quantify intraoperative blood loss other than measurement of postoperative Hb and transfusion rate. Separate measurements of intra and postoperative blood loss may have shown a difference between the treatment groups. Also, there was a difference in postoperative anticoagulation between the topical TXA group and the IV TXA group which could have influenced the results. However, mean change in postoperative Hb in the topical TXA group was actually less than the IV group, indicating that this had minimal if any effect on postoperative Hb measurements in the first several days after surgery.
Conclusion
This study demonstrates that both IV and topical administration of TXA are equally effective for improving postoperative Hb levels when used during TSA. In addition, there was a trend toward decreased transfusion rate and number of days in hospital with both TXA cohorts compared to control indicating that further large scale, prospective studies are warranted.
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